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With the decrease of traditional fossil energy storage and accompanying increase 
of serious environmental pollution arising from the consumption of fossil energy, 
development of new forms of energy has become a consensus of world energy 
development. Among a variety of new kinds of energy, solar energy revolutionizes the 
constituent of new energy sources. 
This paper focuses on the research of the key materials of a new type of silicon-
based heterojunction quantum dot solar cells. In this solar cell, we utilize p-type single 
crystal silicon as a substrate, nanocrystalline silicon thin film as an intrinsic layer, n-
type silicon quantum dots embedded in an amorphous silicon carbide matrix as a 
window layer, as well as ZnO nanorod arrays (NRAs) as an antireflective layer. 
 In order to fabricate the designed solar cells, the experimental research of the thesis 
is as follows: 
1. We have prepared a series of silicon-rich amorphous silicon carbide thin films 
by plasma-enhanced chemical vapor deposition system (PECVD). Structure 
and properties of these thin films were studied under different RF powers and 
annealing temperatures. Through a variety of advanced facilities to characterize 
the structure and properties of thin films, it is found that with the increase of 
RF power, thin film crystallization rate and grain size of silicon quantum dots 
decrease, while optical band gap of thin films increases. In addition, when the 
annealing temperature is 800 ℃, amorphous phase in thin films occupies a 
large part. However, when the annealing temperature increases to 900 ℃, much 
of the amorphous phase in thin film gradually transforms into crystalline phase. 
When the annealing temperature reaches 1000 ℃, grain size becomes large and 
thin film optical band gap decreases.  















different RF powers by PECVD. Through a variety of advanced facilities to 
characterize the structure and properties of thin films, it is found that with the 
increase of RF power, both the grain size and the crystallization rate of thin 
film decrease. This is because the increased RF power accelerates the ionization 
of reactive gas, increases the deposition rate of thin films, and therefore 
decreases the critical nucleation free energy, which gives rise to the decrease of 
critical nucleus size of thin films.  
3. In this work, we have employed a simple and cheap chemical bath deposition 
method to prepare ZnO nanorod arrays and fabricated three types of 
polycrystalline silicon solar cells to investigate the antireflective performance 
of ZnO NRAs. Through a variety of advanced facilities to characterize ZnO 
NRAs, it is found that he synthesized ZnO NRAs feature a perfect crystalline 
wurzite structure and have a preferential growth along [0001] direction. The 
photovoltaic conversion efficiency increases from 2.27% for the 
polycrystalline silicon solar cells without using any antireflective layer to 6.61% 
for the polycrystalline silicon solar cells using ZnO NRAs as an antireflective 
layer. Through experimental comparison, we find that ZnO NRAs have a very 
good antireflective effect. 
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在提升，从 2009年的 25.5%增长至 2015年的 34.3%。其中太阳能发电装机量有
跨越式的发展，从 2009年所占发电装机总量的 0.003%增长到 2015年的 2.762%，
实现了快速发展。2014年，我国颁布了《能源发展战略行动计划（2014-2020）》，
未来 6 年，我国将能源发展战略定位为绿色低碳，将可再生能源的消费比重提
升，争取到 2020年，光伏发电的装机容量达到 100 GW，生物质能发电达 30 GW，



















表 1.1 发电装机容量 单位：MW 





















火电 水电 核电 风电 太阳能
发电 
其他 
2009 874100 651080 196290 9080 17600 30 30 
2010 966410 709670 216060 10820 29580 260 30 
2011 1062530 768340 232980 12570 46230 2120 190 
2012 1146760 819680 249470 12570 61420 3410 200 
2013 1257680 870090 280440 14660 76520 15890 80 
2014 1370180 923630 304860 20080 96570 24860 190 
























“到 2010年太阳能装机规模达到 0.45 GW”，2006年颁布实施《可再生能源法》，
之后在 2010年实施金太阳示范工程，2015年提出光伏领跑者计划等。 
在各国政府的大力支持，太阳能光伏发电的发展得到了极大的保障，在 2015
年，全球累计新增装机 48 GW，同比增长 2.13%，总装机达到 236.8 GW，预计

























图 1.1 最新纪录太阳能电池效率图[14] 
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